In the ocean, the nitrogen budget is largely unbalanced, as the removal of inorganic nitrogen exceeds the total input up to fourfold, primarily due to sedimentary denitrification (10, 23) . Denitrification is a dissimilatory microbial redox process where nitrogen oxides (NO 3 Ϫ , NO 2 Ϫ ) are reduced stepwise to gaseous end products (NO, N 2 O, N 2 ) which are concurrently released into the environment. The dominant sites of nitrogen loss are continental margin sediments, although they constitute only about 10% of the total marine sediment surface area (9, 13, 35) . Marine sedimentary respiration is characterized by a stratification due to redox reactions consuming oxidants in the order oxygen, nitrate and manganese, iron, and sulfate (15) , where the steepness of gradients is a function of reducible carbon input (5) . Although the impact of microbial community structure on the development of these gradients and thus on the denitrification process in marine sediments is critical, our understanding of the underlying microbial populations is still limited.
Insights into community structures in environmental samples were achieved by the use of molecular tools such as 16S rRNA genes (rDNAs), which avoid the limitations of culturability (1, 36) . Communities of Bacteria and Archaea have been successfully explored using terminal restriction fragment length polymorphism (T-RFLP) analysis of amplified total community 16S rDNA (8, 20, 22, 33) . However, a group-specific 16S rDNA approach is not suitable for community analysis of denitrifying bacteria, as this functional group is widely distributed over the phylogenetic tree (31, 38) . The genetic diversity of denitrifiers in marine sediments was explored by cloning nirK and nirS genes, which encode copper-and cytochrome cd 1 -containing nitrite reductases, respectively, key enzymes in the denitrification process (4) . The PCR method to detect nir genes was highly specific for nirS and evaluated novel and diverse denitrifier communities in selected marine sediment samples (4) . To more systematically explore bacterial communities on a functional level, PCR-amplified functional genes such as nirS genes can be used with subsequent T-RFLP analysis. This has been demonstrated for mercury resistance (mer) genes (6) , ammonia monooxygenase (amoA) genes (19) , and nosZ, which encodes nitrous oxide reductase (30) .
In this study, we present a polyphasic DNA-based approach to investigate whether communities of denitrifying bacteria, Bacteria, and Archaea reflect redox gradients within marine sediment cores from different geographic locations by PCR amplification of nirS and 16S rDNAs and subsequent T-RFLP community analysis.
MATERIALS AND METHODS
Sediment sampling. Sections from three sediment cores along a transect at the Washington margin (station 301, 119 m; station 306, 630 m; station 304, 2,530 m [water depth]) and from one sediment core from Puget Sound (Carkeek; water depth 182 m) were investigated (Fig. 1) . Sediment cores (depth, 10 cm) from the Washington margin were collected in November 1997, subsampled vertically in 0.5-or 1.0-cm-thick sections, and stored in sterile polypropylene bags at Ϫ70°C until DNA was extracted in Michigan. The Puget Sound sediment core was collected in March 1998. Sections from depths of 1.0 to 1.5, 1.5 to 2.0, and 6.0 to 6.5 cm were subsampled and placed in sterile polypropylene bags. Samples were immediately stored on ice, shipped to Michigan on dry ice, and stored at Ϫ20°C until DNA was extracted. The sediment cores were sampled, and pore water oxygen, nitrate, and ammonia profiles (Fig. 2) were determined as described by Devol and Christensen (13) . (34) with an additional proteinase K treatment (50 l of a 20-mg ml Ϫ1 solution) after incubation with sodium dodecyl sulfate. The DNAs were quantified and analyzed spectrophotometrically by taking point measurements at 230, 260, and 280 nm. The concentrations of all DNA extracts were adjusted to 100 ng l Ϫ1 . PCR conditions. PCR amplifications of nirS genes and bacterial and archaeal 16S rDNAs from total environmental DNA extracts were performed with a total volume of 50 l in a model 9600 thermal cycler (Perkin-Elmer Cetus, Norwalk, Conn.). Fragments of nirS genes (approximately 890 bp) were amplified from 100 ng of total environmental DNA extracts using the primer pair nirS1F-nirS6R and the PCR method developed by Braker et al. (3) with modifications (4). The forward primer nirS1F was 5Ј-end labeled with 6-carboxyfluorescein (Operon Inc., Alameda, Calif.). Bacterial and archaeal 16S rDNAs from 100 ng of total environmental DNA extract were amplified in reaction mixtures containing 10 pmol of each primer, 200 M each deoxyribonucleoside triphosphate, 400 ng of bovine serum albumin (Roche Molecular Biochemicals, Indianapolis, Ind.) l Ϫ1 , 150 mM MgCl 2 (Gibco BRL, Gaithersburg, Md.), 0.5 U of Taq polymerase (Gibco BRL), and 1/10 volume of a 10ϫ PCR buffer provided with the enzyme. After a denaturation step of 5 min at 95°C, amplification reactions were performed with 30 cycles of denaturation (1 min, 95°C), primer annealing (1 min, 57°C), and primer extension (3 min, 72°C) and a final extension step of 7 min at 72°C. Primers used for amplification of eubacterial 16S rDNAs (8-27F, 5Ј-AGA GTTTGATCMTGGCTCAG-3Ј, with M for A or C; 1392-1407R, 5Ј-ACGGGC GGTGTGTACA-3Ј) were described by Amann et al. (1) and modified by C. L. Moyer (unpublished results). Archaeal 16S rDNA primers were described by Moyer et al. (25) ). Bands were visualized by UV excitation. nirS PCR products were concentrated by ethanol precipitation (2) . PCR products except for the archaeal 16S rDNA PCR products were loaded onto an analytical gel from which bands were eluted in 35 l of sterile filtered destilled water using a QIAquick gel extraction kit (Qiagen, Chatsworth, Calif.). The archaeal 16S rDNA products were purified with a QIAquick PCR purification kit (Qiagen). The eluted or purified products were again separated on agarose gels to confirm purity and similar concentrations of the purified PCR products.
16S rDNA and nirS T-RFLPs. Aliquots (5 l) were cleaved for 2 h in a water bath at 37 and 65°C (TaqI) with 5 U of restriction endonuclease in the manufacturer's recommended reaction buffers. ; Gibco BRL). To prevent the internal standard from cleavage, the restriction endonucleases were deactivated by heating the reaction mixture to 65°C (80°C for TaqI) for 10 min after the reaction was completed. Aliquots (2 l) of the digest were mixed with 2 l of deionized formamide, 0.5 l of loading buffer (Applied Biosystems Instruments [ABI], Foster City, Calif.), and 0.5 l of a DNA fragment length standard (TAMRA GS 2500; ABI). After denaturing of the DNA at 94°C for 5 min and immediate chilling on ice, aliquots (2.5 l) were loaded onto a 36-cm-long 6% denaturing polyacrylamide gel of an automated DNA sequencer (373 ABI Stretch). Electrophoresis was run for 14 h with limits of 1,680 V and 40 mA. After electrophoresis, the lengths of fluorescently labeled terminal restriction fragments (T-RFs) were analyzed by comparison with the internal standard using GeneScan 3.1 software (ABI).
Analysis of T-RFLPs. For each sample, peaks over a threshold of 50 units above background fluorescence were analyzed by manually aligning fragments to the size standard. To avoid detection of primers and uncertainties of size determination, terminal fragments smaller than 35 bp and larger than 825 bp were excluded from the analysis. Reproducibility of patterns was confirmed for repeated T-RFLP analysis of nirS using the same DNA extracts from two samples. Communities were characterized by the numbers of peaks and the heights of the peaks. The relative abundance of T-RFs within the sections was determined by calculating the ratio between the peak height of each peak and the total peak height of all peaks within one sample. Ratios were converted to percentages, and the results are displayed as histograms. Gene-specific T-RFLPs from sections within and between cores were compared by correspondence analysis (32) of combined results from three different cleavages using the procedure CORRE-SPONDENCE from the SAS statistical package (version 6.12; SAS Institute, Cary, N.C.) by considering numbers of peaks and peak heights. Additionally, T-RFLPs were analyzed by the presence or absence of T-RFs by calculating dendrograms based on a 1/0 matrix (1, presence; 0, absence of a given T-RF) with the CLIQUE or RESTML function for restriction sites from the PHYLIP, version 3.5c, program package (14) .
A computer-simulated hydrolysis of 34 marine nirS sequences (EMBL accession numbers AJ248401 to AJ248427, AJ248429 to AJ248432, and AJ248435 to AJ248437) from the Puget Sound sediment samples and one sample from the Washington margin described by Braker et al. (4) was performed for the restriction endonucleases used in this study with the MAP program of the Genetics Computer Group program package (16) . T-RFs obtained from the computer simulation were compared to fragments occurring within T-RFLPs from sediment samples. Lengths of predominant bacterial and archaeal 16S rDNA T-RFs were theroretically compared to those of aligned sequences using the TAP T-RFLP function of the Ribosomal Database Project program Beta2, release 7.1 (http://www.rdp.cme.edu).
RESULTS

Diversity of nirS genes and 16S rDNAs in marine sediments.
Three restriction endonucleases determined to yield the highest numbers and most even size distribution of T-RFs were chosen out of 10 tetrameric enzymes to cut amplified nirS genes and 16S rDNAs from one sediment sample each from Puget Sound and the Washington margin. The highest numbers of different T-RFs in all samples were detected from amplified nirS genes (T-RF ϭ 173, HhaI; T-RF ϭ 139, MspI; T-RF ϭ 131, TaqI). Cleavage of amplified bacterial 16S rDNAs yielded a total of 73 (HaeIII), 70 (MspI), and 59 (HhaI) different T-RFs. The numbers of total fragments obtained from archaeal 16S rDNAs were significantly lower (T-RF ϭ 40, HaeIII; T-RF ϭ 28, RsaI; T-RF ϭ 22, HhaI). These enzymes were used for subsequent experiments.
Results of individual cleavages of each gene showed the same trends for all samples. Thus, they were combined for each gene and sample to yield the total number of T-RFs, although the levels of resolution for individual cleavages were different in terms of fragment numbers (Fig. 3 ). For denitrification genes, extremely high numbers of T-RFs were observed for the Puget Sound samples, whereas diversity was reduced twofold to a level similar to that of the bacterial 16S rDNAs at the Washington margin. Diversity decreased slightly with depth within cores except for the 306 core, where it doubled within the top 2 cm and then decreased for the 6.0-to 7.0-cm sample (306/5). For bacterial 16S rDNAs, the number of TRFs was twofold higher at the Washington margin than at Puget Sound, showing a slight increase in diversity with increasing distance from shore. The numbers of different T-RFs remained low for archaeal 16S rDNAs within cores from both geographic locations. Levels of diversity within cores for bacterial and archaeal 16S rDNA slightly increased with depth within cores except for bacterial 16S rDNAs within core 304. However, the most dramatic changes in the diversity of the three genes with depth were observed within the most offshore core (304). nirS and bacterial diversity was reduced by more than twofold; in contrast, archaeal diversity increased by a factor of 2 (Fig. 3) .
Evaluation of the denitrifier, bacterial, and archaeal communities. T-RFLPs were compared by calculating the relative abundances of individual T-RFs within samples (Fig. 4) . Histograms are displayed after cleavage with HhaI for nirS and with HaeIII for bacterial 16S rDNA, which yielded the highest On the other hand, some fragments were unique to one sampling location. A nirS fragment of 239 bp (6.0 to 8.6%) was restricted to Puget Sound, whereas a fragment of 238 bp (5.2 to 21.8%) occurred exclusively at the Washington margin. Other nirS fragments were even restricted to one core, such as the 349-bp (10.4 to 13.9%) and 437-bp (0.9 to 2.9%) fragments to core 301, the 177-bp (1.3 to 3.6%) fragment to core 306, and the 259-bp (8.1 to 16.9%) fragment to core 304. T-RFLPs based on bacterial 16S rDNAs from Puget Sound were very different from those found at the Washington margin. Therefore, a number of fragments were found to be restricted to this location, such as fragments of 38 (17.1 to 23.4%), 68 (2.8 to 3.7%), 206 (21.1 to 28.6%), and 232 (3.6 to 3.7%) bp. At the Washington margin, samples were more similar at sampling locations 301 and 306 than at station 304. This is indicated by common fragments of 234 (1.7 to 3.3%), 259 (2.5 to 4.4%), and 420 (0.8 to 5.2%) bp occurring only at stations 301 and 306 and fragments of 205 (2.6 to 3.0%), 242 (2.3 to 3.7%), 243 (2.1 to 3.7%), 245 (2.2 to 4.1%), and 335 (2.7 to 5.0%) bp being restricted to core 304. More T-RFs (3 out of 22) were shared in all samples from both geographic locations (Puget Sound and the Washington margin) for the archaeal 16S rDNAs, whereas one fragment (324 bp [36.9 to 56%]) was found only in the Puget Sound samples. However, within the same sampling location changes in communities seemed rather restricted to the relative abundance of T-RFs than to differences in the presence or absence of T-RFs. Again, the most obvious changes were observed within the 304 core, while communities within the other cores remained rather stable with increasing depth. For example, the nirS fragment of 183 bp increased about fourfold and the fragment of 238 bp increased about threefold with depth. A decrease of fivefold was observed for the archaeal 16S rDNA fragment of 326 bp within core 304 but also in core 306, whereas bacterial communities seemed to remain more stable as no significant changes within cores were observed.
Comparison of the denitrifier, bacterial, and archaeal communities. T-RFLPs were compared on the basis of the presence or absence of T-RFs and by correspondence analysis.
Results from the comparison of T-RFLPs based on the presence or absence of T-RFs derived from combined cleavages with three enzymes were analyzed by cluster analysis and are displayed as dendrograms (Fig. 5A) . Dendrograms of T-RFLPs from Puget Sound show a clear distinction from those obtained from the Washington margin. T-RFLPs were grouped together according to the sampling station except for the archaeal 16S rDNA patterns, of which one pattern from core 306 (306/3) was grouped with those from core 301. Generally, patterns obtained from within cores were grouped closely together. Again, the most obvious differences were detected within core 304.
To compare communities by considering two parameters, the number of terminal fragments present (richness) and their relative abundance (eveness), T-RFLPs were analyzed by ordination using correspondence analysis (Fig. 5B) . Correspondence analysis summarizes multivariate data in scatter diagrams and assumes an underlying structure to the data. The occurrence of T-RFs is determined by a few unknown environmental variables, which correspondence analysis tries to recover and with which it tries to arrange T-RFLPs in a twodimensional diagram. Thus, the closer the scattered data points are to each other, the more similar communities are in their responses to these variables in species composition and abundance. For T-RFLPs derived from nirS genes and bacterial 16S rDNAs, results were very consistent with those obtained from analyses of relative abundance and the presence or absence of T-RFs. Communities from different sampling locations were clearly separated, and patterns from within sampling locations clustered tightly together with two exceptions, the C/2 sample for nirS and the 306/2 sample for bacterial 16S rDNA. This clustering pattern was not found for archaeal 16S rDNAs. One tight archaeal cluster was found from all Washington margin samples except for samples 304/2 and 304/3. The Puget Sound archaeal profiles were clearly separated, although one sample (C/3) did not cluster with the other two from this location.
Assignment of nirS clones and archaeal species to T-RFs. In a computer simulation, nirS sequences from 34 marine sediment clones obtained in a previous study (4) were cleaved with the chosen restriction endonucleases for nirS. The lengths of these theoretical T-RFs were calculated, and clones were assigned to peaks found in the chromatograms from two sediment samples (C/1 and 304/1) (Fig. 6 ). For the Puget Sound profile, at least one clone could be assigned to most of the dominant peaks and clones corresponded with few exceptions to fragments which represented the dominant T-RFs within the community. Due to the lower number of sequenced clones from the Washington margin, clones could be assigned only to the majority of the dominant T-RFs. Generally, clones that could be assigned to a certain T-RF all belonged to the same cluster of nirS sequences (II, III, and IV) that were found in Pacific Northwest marine sediments. For the T-RFLPs from Puget Sound, some clones from different clusters were represented by the same T-RF, especially for the samples cleaved with TaqI. However, these clusters were resolved by cleavage with the other enzymes (data not shown), but then other clones from different clusters were represented by the same T-RF.
It was not possible to assign bacterial species to T-RFs due to the high level of diversity found within T-RFLPs from amplified bacterial 16S rDNAs using the TAP T-RFLP tool of the Ribosomal Database Project. However, due to lower levels of diversity, archaeal species were found to correspond to T-RFs ( Table 1 ). Considering that a difference of Ϯ2 bp in the sizes of the T-RFs is likely to occur due to the nature of the gel separation, we found T-RFs corresponding to methanogenic species as well as to the cluster of marine crenarchaeota from cold habitats (Sta. Barbara bacterioplankton clone SBAR 12 [11] ; Woods Hole bacterioplankton clone WHARQ [11] ; Pele's Vent archaeal DNA clones PVA2, Ϫ3, and Ϫ4 [25] ; and clone Antarctic 12 [12] . T-RFs corresponding to almost all known methanogen species (Methanococcus sp., Methanosaeta sp., Methanoculleus sp., Methanohalophilus sp., Methanolobus sp., and Methanocorpusculum sp.) were found within samples from all sampling stations. Marine crenarchaeota from cold habitats were indicated by two out of three cleavages, and they occurred in high relative abundance in the Puget Sound samples; an example is the 324-bp fragment of the HhaI cleavage (Fig. 4) .
DISCUSSION
In a previous study, high diversity and novel clusters of denitrifiers were found by cloning of nitrite reductase genes (nirK and nirS), screening, and sequencing of clones obtained from a limited number of marine sediment samples from the Pacific Northwest (4). To more systematically investigate marine sediment communities of denitrifiers, Bacteria, and Archaea along the redox gradients in Puget Sound and continental margin sediments (Fig. 2) , T-RFLP analysis was applied as a fingerprint method. T-RFLP analysis is independent of cloning and thus applicable to higher numbers of samples. It has been shown to be semiquantitative (20) and generates fingerprints of precise sizes that are reproducible in their T-RF patterns and peak heights from replicate samples (28, 30) with a level of resolution similar to that of denaturing gradient gel electrophoresis (24) . When we analyzed the nirS T-RFLP reproducibility of two samples, patterns derived from different DNA extracts, PCR amplifications, and restriction hydrolysis were virtually identical, in agreement with published results (28, 30) . Peak height as a meaningful measure of gene abundance is supported by a positive correlation of relative T-RF abundance and quantitative dot blot hybridization of Ro- seobacter sp.-specific 16S rDNAs in a marine algal bloom (17) . Furthermore, relative abundances of T-RFs were demonstrated to be independent of the number of PCR cycles, varying within a range of 5 to 10% until PCR cycle 27, and thereafter remained stable for the majority of peaks (29) .
The molecular method to detect cytochrome cd 1 containing denitrifiers was highly specific and evaluated a high level of diversity and novel marine nirS genes in Puget Sound and Washington margin sediments (4). In the previous study, 29 out of 37 nirS sequences were obtained from clones from the same Puget Sound samples investigated in this study and from one sample from the 304 core (section, 0.0 to 0.5 cm). However, some nirS sequences, although obtained from a different Washington margin core (1936 m; section, 0.5 to 1.0 cm), showed RFLPs identical to those of clones from the 304 core, suggesting identical or very similar sequences, and were included in our analysis; thus, 34 nirS sequences were analyzed. Computer-simulated restriction hydrolysis of these 34 clones and comparison of the calculated T-RF lengths to T-RFLPs derived from marine sediment samples revealed high congruence of simulated T-RFs and T-RFs occurring in natural samples, especially for Puget Sound T-RFLPs. Since T-RFLP analysis clusters sequences according to restriction sites and since differences in patterns within sediment cores were minor (Fig.  4) , simulated T-RFs derived from clones from the entire core (Puget Sound) or even a different sample (core 304, 0.0 to 0.5 cm) could be assigned to environmental patterns from individual samples (Fig. 6) . Dominant T-RFs within the environmental profiles were generally represented by clones found in the cloning experiment even though clones and T-RFLP patterns were derived from different batches of DNA extracts (Puget Sound samples) or from DNA extracts from spatially close samples from the same core (304 core). Furthermore, the selected restriction endonucleases (HhaI, MspI, and TaqI), with few exceptions, grouped the clones according to the novel and habitat-specific clusters II, III, and IV of marine nirS COMMUNITIES OF DENITRIFIERS, BACTERIA, AND ARCHAEAsequences found by the cloning approach (4), suggesting an appropriate level of resolution of the T-RFLP method for nirS (Fig. 6 ). These results on one hand provide information about the dominant groups of sequences found within these sediment samples and indicate on the other hand that cloned and sequenced nirS genes were indeed derived from dominant groups of nirS genes. The level of resolution was determined by the restriction endonuclease. Enzymes cleaving at GC-rich regions of the nirS genes (HhaI and MspI) resolved sequences according to marine clusters II, III, and IV unlike with TaqI (TЈGCA), suggesting cleavage of a more conserved restriction site.
Besides nirS genes, diversity and shifts in sediment communities were also explored for bacterial and archaeal 16S rDNAs. Diversity expressed as total numbers of different TRFs ranked nirS above bacterial 16S rDNAs and bacterial rDNAs above archaeal 16S rDNAs for all restriction endonucleases. This ranking corresponded to expected levels of diversity due to more conserved 16S rDNAs and faster evolutionary rates for functional genes, especially inducible genes such as nirS. The very high level of diversity of nirS genes within Puget Sound sediment samples (Fig. 3) was in good agreement with results from rarefaction analysis of nirS clones from Puget Sound (4). Intermediate levels of diversity were detected for bacterial 16S rDNAs, whereas diversity was constantly low for archaeal 16S rDNAs. Within cores, the most obvious changes in diversity were observed for nirS genes and 16S rDNAs within the 304 core, where the number of T-RFs decreased three-and twofold with depth for nirS and Bacteria, respectively, but slightly increased for Archaea.
Monitoring community structure by relative abundances of T-RFs (Fig. 4 ) differentiated microbial communities according to geographic location, although some groups were abundant at both Puget Sound and the Washington margin. For the Washington margin, the most obvious differences between cores were generally observed for nirS genes, especially for the 304 core, in accordance with its much greater ocean depth ( Fig.  1 ) and lesser carbon input (26) . Patterns derived from the other genes were characterized by minor changes, indicating that on the 16S rDNA level, nirS-containing denitrifiers probably did not comprise a major fraction of the total bacterial or archaeal community. Within cores, differences seem to be restricted to the presence or absence of T-RFs rather than to relative abundance, indicating only minor differences in the compositions of communities along the redox gradients.
To statistically evaluate differences within and between locations and cores, we used analyses based on the presence or absence of T-RFs and correspondence analysis based on three cleavages. Both methods were in agreement in grouping TRFLPs of the three genes into two distinct clusters from Puget Sound and the Washington margin (Fig. 5A ). Within the Washington margin cluster, the T-RFLPs from cores were grouped into separate subclusters, with the most dissimilar profiles being found within the 304 core and thus confirming the observations from the histograms (Fig. 4) . However, for the archaeal 16S rDNAs, correspondence analysis (Fig. 5B) showed discrepancies from clustering by the presence or absence of T-RFs. Presumably due to restriction sites in more conserved regions of the 16S rDNA, individual cleavages with HaeIII did not distinguish Puget Sound and Washington margin archaeal communities, despite yielding the highest number of peaks, and RsaI separated communities from these geographic locations but not within cores. Cleavage with HhaI reflected an intermediate level of resolution and could distinguish communities between locations and within cores, although it yielded the lowest number of T-RFs.
T-RFs derived from the archaeal 16S rDNAs could be assigned to methanogens and branches of crenarchaeaota clones from cold marine habitats (Table 1) . Both groups are common inhabitants of marine environments (11, 12, 37) . However, fragments were also found to be specific for Archaea currently known to be halophilic and alkalophilic (27) ; an abundance of these types in those ocean habitats is unlikely. These organisms might share T-RFs with other organisms not yet included in the database but express a different phenotype. In addition, the occurrence of both halophiles and alkalophiles was supported only by two T-RFs, with the predicted third T-RF being smaller (22 bp) than peaks analyzed.
Our results indicate that different populations of organisms containing nirS and bacterial and archaeal 16S rDNAs develop under the selection of differing environmental conditions at distant geographic locations rather than due to the steep vertical redox gradients. Scala and Kerkhof (30) found a major influence of geographic distance (i.e., meters to kilometers) on the structures of marine denitrifying communities as determined by T-RFLP analysis of nosZ. Besides large distances on the microbial scale, one major factor that might influence the selection of different communities is the differing amounts of carbon resources at our sites. Puget Sound sediment has more carbon, which is also less degraded than is Washington margin sediment carbon (18) . Furthermore, among the Washington margin sites, the amount of carbon decreases with greater distance from shore (26) . The lack of community difference over the dramatic changes in redox gradients was initially surprising. A study of Wadden Sea sediment cores using in situ hybridization found most of the major phylogenetic groups at similar relative abundances throughout the redox gradient (21) , which is in agreement with our results (Fig. 1) . We therefore hypothesize that mixing events by marine invertebrates cause few apparent vertical differences in the microbial community structure despite the strong redox gradients. Mixing data for conserved markers at the same depth zone of the Washington margin (7) are consistent with this explanation.
